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Meteor-Showers. 

R.A. Decl. 

Near $ Coronas 

From Vulpecula 
Near t Pegasi 


227 ... 30 N. 

290 ... 60 N. Rather slow. 

303 ... 24 N. Swift. 

333 ... 27 N. Very swift. 


GEOGRAPHICAL NOTES. 

Prof. Guido Cora has constructed a map of the district 
around Massowah on a scale of 1 : 200,000. He has been 
able to make use of a variety of original material, and the 
map will be of use to those interested in the events which are 
taking place in that region. 

The May number of Petermann begins with a short paper on 
the ethnology of British Columbia, by Dr. Fr. Boas (with map). 
Dr. H. Polakowsky contributes a paper on the proposed 
Nicaragua Canal from Grey town to Lake Nicaragua; Paul 
Emmrich, a paper on the Transvaal gold-fields ; and Dr. 
Rink, on recent Danish exploration in Greenland. Herr Wich- 
mann gives an abstract report of the proceedings of the German 
Geographentag at KarLruhe. 

The new number (Band v. Heft 2) of the Mittheilungen of 
the German African Society contains the results of several recent 
important African expeditions. There is a large-scale map and 
sections by R. Kiepert, of Bohm and Reichard’s journey from 
Lake Tanganyika to the Lualaba, with remarks by Herr 
Reichard, observations on altitude, and on the meteorology of 
the region, by Danckelman. We have also a map ofStandinger 
and Hartert’s journey to Kano, Sokoto, and Gandu, with their 
journals, and remarks on the hypsometrical observations by 
Danckelman. Prof. Zoppritz contributes a paper on the late 
Herr Flegel’s thermo-barometrical observations on the Niger. 
There is a letter from Lieut. Tappenbeck on his Congo explora¬ 
tion of 1885, and an analysis of Lieut. Kund’s boiling-point 
observations by Danckelman. 


ON ZIRCONS AND OTHER MINERALS 
CONTAINED IN SAND. 

RAWING to recent attempts to employ the brilliant light of 
incandescent zirconia and allied earths instead of that of 
gas or electricity, attention has been drawn to the sources of the 
rarer earths. 

It occurred to me that an inexhaustible supply might be 
obtained from the small crystals of zircon so widely distributed 
in rocks, sands, and soils, if an easy method of concentration 
could be found. I wished particularly to examine some of' the 
larger deposits of sand, especially the fine-grained deposits, 
but was stopped by want of the requisite appliances. The 
matter having been mentioned by a friend to the Director- 
General of the Geological Survey, I at once received permission 
to use, for this investigation, the petrological laboratory attached 
to the Survey. The following results were obtained therein. 

The denser minerals were separated from the sand by means 
of Sonstadt’s solution of density 2’86, and borotungstate of 
cadmium of the density of 3*2. 

Per cent. 


Dense minerals in Lower Bagshot sand, Hampstead ... . 3*85 

,, ,, another sample . 3‘60 

,, ,, another sample from appar¬ 

ently a different deposit 
near the Fire-engine Office 1*04 

,» ,, High Beeches, Essex. 1*32 

„ Glacial drift sand, Bagillt, North Wales . 0*30 

,, Casting sand, Bullwell, near Nottingham . 0*16 

,, Lower Bagshot sand, near Otterburne, Hants ... 0*12 


These heavy minerals were found to be composed principally 
of matter attracted by a strong magnet, and of zircons, rutiles, 
tourmalines, and other grains, the relative proportions varying 
considerably. It will be observed that the richest and the 
poorest samples were from deposits of the Lower Bagshot sands. 
The drift sand from North Wales contained, in addition, many 
garnets. [Since this was written I have received a sample from 
High Beech Reservoir, 359 feet above Ordnance datum, con¬ 
taining 4 per cent, of dense minerals.] 

The sand to which I devoted most attention, and of which I 
propose to give an account, is represented in the foregoing table 


by the first two samples. The samples were taken by me from 
a cutting recently made for the construction of a drain to con¬ 
nect “ The Spaniards ” and North-End, Hampstead. It was 
2 or 3 feet wide, and 10 or 12 feet deep through great part of 
its length. It passed through a fine-grained yellowish sand, 
which was thrown out of the cutting or tunneled through in 
order to lay the drain-pipes. I made an average sample with 
as much care as though the sand had been a valuable ore which 
I was sampling for sale or purchase. It represented at least 1000 
tons of sand in sight or cut through, and probably many acres of 
such sand on either side of the cutting. It consisted of grains 
so small as to pass almost entirely through a piece of cambric, 
120 holes per square inch, stretched on a frame and used as a 
sieve. The average size of the grains was about the two- 
hnndreth of an inch, 

By means of dense solutions, vanning, analysis, and the con¬ 
stant use of the microscope, it was found that the sand had the 
following composition. It is given as an approximation to the 
truth, and does not, I think, vary more from it than must be 
expected in cases where it is not possible to get the minerals 
pure enough for weighing. Only under the microscope could 
the mixtures and impurities be estimated. 

Per cent. 

Quartz, with i or 2 per cent, of flint fragments ... about 75 

Feldspar . 

Grains attracted by a strong magnet. 

Clay ... .. . 

Zircons in recognisable crystals ... ... ... 

Grains, more or less opaque, probably zircons 

Rutiles . 

Tourmalines .. . 

In addition to the above, there were about I per cent, of grains 
over the density of 3 '2, in regard to the composition of which I 
cannot at present say anything. A few appeared to be cleavage 
flakes of cyanite, but the majority were opaque earthy-looking 
bodies of various colours. 

Feldspars ,—These were nearly all of density equal to or lower 
than that of quartz. The majority were more or less cloudy, but 
some were quite transparent, showing the structure ofmicrocline. 
A few showed the banded structure of plagioclase. Owing to 
the small size of the particles, and to their cavities and inclosures, 
I found it impracticable to get a satisfactory separation by dense 
solutions ; and as it was impossible to distinguish the grains in 
all cases under the microscope, recourse was had to analysis of 
grains (consisting principally of quartz and feldspar) floated off 
from the denser minerals in a solution in which quartz floated 
and anorthite sank, It was found that they contained 94 per 
cent, of silica and 4’6 of alumina, with an unweighable trace of 
lime. The alkalies were not determined. This would corre¬ 
spond to about 20 per cent, of feldspar, but the estimate is perhaps 
rather high, as amongst the matter floated by the solution were 
found some particles which looked like glauconite covered by a 
transparent covering of varying thickness ; also a little mica 
and some opaque grains of doubtful origin. It was interest¬ 
ing to note how the small fragments of feldspar have remained 
unchanged since the parent rocks were formed, and as they sur¬ 
vived the disintegration of those rocks so they have continued 
unchanged in the sands. I saw several containing each a small 
zircon, and some contained whatlthink were microliths of apatite. 
The feldspars were mostly in angular fragments like the quartz. 

The zircons are generally transparent and colourless prisms 
with double terminations of various kinds ; many are more or 
less rounded and some wholly rounded as by attrition. 

The rutiles are oblong and rounded grains, but many are 
sharply edged prisms, and a few have double terminations. 
Twins are not common, but both knee-shaped and kite shaped 
twins occur. These rutiles resemble those of the metamorphic 
rocks, in which rounded grains and sharply defined crystals are 
met with side by side. 

The tourmalines are generally in flat plates, more or less 
rounded, but some are perfect crystals with double terminations. 
They vary much in colour and power of absorption. Various 
methods of concentrating the zircons were tried. The simplest 
found was to sift the sand in air or water through a sieve with 
120 holes to the inch, that being the smallest mesh I could meet 
with. In coarse-grained sands, such as the drift sand of North 
Wales, a considerable enrichment is thereby at once effected, 
bin only a partial enrichment takes place in working with sands 
so small-grained as to pass entirely through the sieve. 

Thus when 8 ounces of the Hampstead sand were sifted till 
4 ounces had passed, it was found that the zircons and rutiles, 
being smaller, smoother, and heavier than the sand, passed 
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through the sieve faster. By again sifting the 4 ounces which 
had passed till 2 ounces passed, a further enrichment was found 
to have taken place. The 2 ounces were again sifted on the 
same sieve till 1 ounce had passed, which was again sifted till 
£ of an ounce passed. This was examined quantitatively, and 
found to consist of 54 per cent, of quartz and feldspar, and 46 per 
cent, of dense minerals. By vanning and submitting the residue 
to the action of a strong magnet, almost nothing but zircons and 
rutiles remained. It is needless to say that much remained 
with the sand, especially in the latter parts of the operation. 

A current separator was tried, but it seemed more difficult to 
work, though perhaps it might answer better on a larger scale, 
where it might be set to work automatically. There was no 
difficulty in getting a considerable enrichment, but it was evident 
that a great deal of care would be required in “sizing” the 
particles before a good separation could be effected. The most 
hopeful method seemed to be that of washing away the medium¬ 
sized grains of sand and afterwards sifting the sediment. 

Perhaps in some of the streams running through the Bagshot 
or other sands natural eddies may be found or formed artificially 
from which enriched sand may be dredged, or it may be got on 
the sea-shore under sand-cliffs. 

The object of the present communication is to draw attention 
to the matter in hopes that some deposit richer in zircons than 
the Hampstead sand may be found. Much care must be taken 
in sampling, because the sands, having been deposited from 
currents, must vary in composition. A trial is easily made by 
anyone accustomed to use a microscope and who knows the 
minerals by sight under such circumstances. A thimbleful of 
such sand as exists at Hampstead is enough for atrial by vanning, 
but if one of the dense liquids be used, from 10 to 20 grains by 
weight of the sand will give a good microscopic slide of the 
dense minerals. It may of course prove that the Hampstead 
sand is a residue of denudation in which the denser minerals 
have accumulated. In that case it is not improbable that other 
similar deposits may be found, some, perhaps, much more 
zirconiferous. 

On the whole it appears that the matter is worthy of further 
attention. In some future communication I hope to be able to 
give an account of the composition of the matter attracted by a 
strong magnet, and also of the grains of earthy-looking minerals 
over the density of 3 '2, and of any richer deposit of zirconiferous 
sand of which I can obtain reliable samples. 

Allan B. Dick. 


THE ROLLING CONTACT OF BODIES . 1 

- \X 7 ’HEN two solid bodies roll upon each other, points in the 
surface of one successively come into contact with corre¬ 
sponding points in the surface of the other in a way which differs 
essentially from that which occurs in sliding contact, and it is 
the nature of this rolling-contact that the lecturer proposed to 
discuss in an experimental manner. 

In the first place, it is well to understand clearly the nature of 
the relative motion of the two points which come into contact 
when the surfaces are such that no appreciable distortion of them 
takes place, and for this purpose one of the two bodies must be 
at rest. These may respectively be taken as the plane surface of 
the ground and a circular disk rolling upon it. An approxi¬ 
mate representation of this motion is given by the end of the 
spokes of a wheel without its tyre. In this case it is seen that a 
point of the rolling body, when it is just coming into contact 
with the fixed surface, does so in a direction at right angles to 
the surface at rest, and also leaves it in the same direction. This 
action is very similar in kind to that which occurs with the con¬ 
tinuous circle formed by the tyre. The path of a point in the 
rim can be drawn in a way visible to the audience by means of a 
piece of apparatus consisting of two circular glass plates held 
together by a hollow brass spindle in which slides an arm carry¬ 
ing a brush. The brush traces the well-known cycloid, of which 
the only portion now to be considered is that where it directly 
approaches the surface beneath. This part is perpendicular to 
that surface, and when epicycloids are drawn, by rolling the 
disk upon the arc of a circle, the same fact is brought out. 

One body may, however, not merely roll upon another, and 
a normal pressure be exerted, but they may exert a tangential 
force upon each other. It is convenient to keep these two cases 
separate; examples of them being respectively the wheels of a 

1 Abstract of Lecture delivered at the Royal Institution, by Prof. Hele 
Shaw, on April 29. 


railway carriage and those of the locomotive which draws it 
along. It is to be noted that the object in the former case is to 
permit one body to move relatively to another without permitting 
sliding contact of their surfaces, whilst, in the latter case, in 
addition to this, the object is to obtain such motion. There are, 
however, many cases in which it is merely the motion of a body 
about one point which is required, such as when motion is trans¬ 
mitted from the edge of one rotating disk to another, and then 
this distinction still more closely holds, as the normal pressure 
is only obtained so as to insure the necessary tangential resist¬ 
ance. Thus the objects of rolling motion may be classed as 
being— 

(1) To allow the relative motion of one body to another with 
which it is in contact without permitting relative motion of that 
part of their surfaces in actual contact. 

{2) To obtain the relative motion of such parts of the surfaces 
of bodies as are not in contact by means of statical contact of 
the parts which are. 

The lecturer then proceeded to consider the practical proofs 
of the smallness of the resistance to rolling in cases where the 
distortion of the surfaces in contact is very small, as illustrated 
by the small tractive force required for heavy bodies properly 
mounted on wheels or on roller-bearings ; mentioning the case 
of a 12-horse-power engine, the shaft of which continued to 
rotate for three-quarters of an hour after the motive power was 
withdrawn ; and another case, of a turntable weighing 14 tons, 
which was kept in motion by a weight of 3J pounds acting 
upon it by means of a cord passing over a pulley. The small 
distortion of such surfaces when transmitting motion requiring 
expenditure of energy to maintain, was next made clear by 
giving certain facts as to the accuracy with which one surface 
was developed or measured out upon another. An account was 
given of experiments made with apparatus specially prepared by 
the lecturer to investigate this point. This apparatus consisted 
of two accurately turned brass disks properly mounted upon a 
frame, and the relative positions of these disks could be inter¬ 
changed so that any minute differences in their peripheries 
could be detected. The experiments, which were very diffi¬ 
cult to carry out accurately, showed that under the best cir¬ 
cumstances, motion with an error of only I in 300,000 of the 
distance passed over could be obtained. This accurate measur¬ 
ing out of the surfaces one upon another was employed in various 
ways for purposes of measurement, and these, by means of 
models and diagrams, were briefly explained. 

Although the foregoing facts prove that, under suitable con¬ 
ditions, distortion at the points of contact is very small, yet 
some resistance at these points always occurs, because no bodies 
are perfectly hard ; and the nature of this distortion and conse¬ 
quent resistance was next discussed. 

The explanation of the resistance opposed by a soft surface to 
a hard body rolling upon it, as first given by Prof. Osborne 
Reynolds, was applied by the lecturer to account for a very 
remarkable effect produced in the disk, globe, and cylinder inte¬ 
grator of Prof. James Thomson. This effect, which was the 
turning of the cylinder when the sphere was rolled along it in a 
horizontal direction, was reproduced by means of a large model. 
The action of a soft body rolling upon a hard surface was 
next considered, with the result of showing that the same 
reasoning would not account for the turning of the cylinder in 
the same direction as before with the above model, and the 
lecturer then proceeded, by means of diagrams, to offer an 
explanation of this and other phenomena. The various effects 
obtained with bodies of different relative degrees of hardness 
were discussed at length, but figures would be needed to make 
these points clear. Finally, an explanation was given of the 
cause of an error which always appeared in a certain important 
class of integrators caused by the slipping of the edge of a disk 
over a surface on which it rolled in circumstances under which 
it had apparently never been suspected that slipping did actually 
take place. This the lecturer had been enabled to discover and 
measure by means of a special piece of apparatus, a model of 
which was exhibited and the effects shown by its means. 

The facts and reasoning, which were given in the lecture, all 
related to the rolling contact of bodies, and the lecturer ventured 
to think that, imperfect as the treatment of the subject had been, 
it was one of such importance, not merely from the point of view 
of the practical applications he had mentioned, but in its. scien¬ 
tific. aspect, dealing as it did from a novel point of view with the 
nature and properties of solid bodies, as to be worthy of being 
t thus brought before the Royal Institution. 
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